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Abstract 
Methylene diphenyl diisocyanate (MDI) is the most used isocyanate in the manufacture of polyurethane foam, and it is 
one of the major causes of occupational asthma. Therefore, in this research, the MDI concentration in the air of the foam-
producing section in a car manufacturing company was assessed. To determine MDI concentration, Health and Safety 
Executive (HSE) air sampling and analysis method, No. 49, was used. In the method, a certain volume of the workplace 
air was drawn with an impinger content of dimethylformamide and diluted hydrochloric acid. By doing this, organic 
isocyanates were extracted followed by reactions of hydrolysis to similar amines. The final solution was used for the 
absorption by the UV-VIS spectrophotometer. Evaluation of MDI in the summer showed that MDI concentration in all 
parts of the workplace was less than the threshold limit value, and only when local ventilation system and air condition 
system (air suppliers) were off was the concentration of MDI in the foam injection station higher than the threshold limit 
value. On the other hand, it is probable that air pollution increases in winter due to closing of doors of the foam-producing 
section and turning off of the air-conditioning system. Therefore, permanent air-handling and local ventilation is essential 
when working in the workplace in order to prevent respiratory, skin, eye, and gastrointestinal diseases. 
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Methylene diphenyl diisocyanate (MDI) is the most used isocyanate in polyurethane factories, and is 
widely used in the production of industrial materials such as rubber and elastomeric composite; molding 
materials for ships and automobiles; and polyurethane resins for painting, and thermal insulation materials [1-
2]. 
The recent research shows that MDI has different effects on human such as skin, respiratory, digestive and 
eye disorders and is one of the causes of severe asthma attacks and deaths, which also mentions that the 
exposure should be kept at a minimum [3-5]. 
The foam section by type and location of work activity of individuals is divided into six workstations that 
have been named F1, F2, F3, F4, F5, and F6. The production line starts from the F1 station and ends in the F6 
station. In the F1 and F2 stations, seat mold preparation is done, and then the mold moves in the process by 
conveyor line up to the F3 station. In the F3 station, foam injection is done in the mold and then the cap of 
mold is closed. The mold moves the path between F3 and F4 to take the form of the foam mold. At stations F4 
and F5, after opening the mold and wind compresses, the foam is removed from the mold and transferred to 
the F6 station, which is located along the foam line, for forming and maintenance. 
2. Materials and Methods 
Taking into consideration the acute and chronic effects of MDI on man, in this study, we evaluated and 
analyzed the concentration of MDI in the workplace and in the breathing zone of foam-producing section 
workers. Air sampling was done with 108 samples, including 54 samples from the personal breathing zone 
and 54 from the environmental air at different workstations (F1 to F6). In each station, nine individual 
samples and nine environmental samples were taken. 
MDI in a normal situation is liquid and will turn to vapor or aerosol forms into the workplace during 
activity. Fumes enter the environment and easily condensate from aerosol form, however, some vapors may 
be inhaled by people prior to condensation [6], thus in this study, different methods of sampling and analysis 
of MDI were studied and the No. 49 method of HSE, which is capable of evaluating vapors and aerosol forms 
of MDI simultaneously, was selected and used. The method is based on the Mercali method and can be used 
for sampling the air for 10 minutes to 8 hours. In the method, a certain volume of the workplace air was 
drawn with an impinger content of dimethylformamide and diluted hydrochloric acid. By doing this, organic 
isocyanates were extracted followed by reactions of hydrolysis to similar amines. The final solution was used 
for the absorption by the UV-VIS spectrophotometer, adjusting at a wavelength of 590 nm. To prepare a 
standard solution of isocyanate, about 10 mg isocyanate was carefully weighed into a 100-ml flask and was 
filled with dry toluene (without water) up to the volume of the flask. Then amounts of 0, 0.01, 0.02, 0.03, 0.04, 
and 0.05 ml of isocyanate standard solution (MDI) were added to a series of adsorbent tubes containing 3 ml 
adsorbent solution and 2 ml diluted HCl. Thus, the isocyanate rate in each of the tubes was 0 to 5 μg. In this 
method, the absorption coefficient of the sample was read in the same way, whereas isocyanate concentration 
was determined using a calibration graph [7]. 
3. Results 
In order to assess the workers’ exposure to MDI in the foam-producing section, the MDI concentration was 
measured on different days of the week at all stations. The average concentrations and standard deviation (SD) 
of MDI when the ventilation system was turned on, in different parts of the workplace in the foam-producing 
section at the beginning and end of the week, are presented in Table 1. A comparison of the MDI 
concentrations in this situation shows that the concentration difference between the first days of the week and 
weekends is significant (P = 0.021). 
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Table 1. Comparison of the average MDI concentrations at the first and end of the week when the ventilation system is turned on (μg/m3). 
Sampling Time Number of Samples Mean (SD) P-Value 
First day of the week 18 7.12 (4.23) 
0.021* 
Weekend 18 8.97 (3.97) 
*Significant difference between two sampling times. 
A comparison of the average concentration and the occupational exposure limit of MDI, when the 
ventilation system is turned on, is presented in Table 2. In this situation, the MDI concentration at all the 
stations is below the occupational exposure limit developed by American Conference of Governmental 
Industrial Hygienists (ACGIH) 
Table 2. Comparison of the average concentration and the occupational exposure limit of MDI, when the ventilation system is turned on 
(μg/m3)  
Sampling Location Mean (SD) of MDI Concentration during the Week Occupational Exposure Limit (ACGIH) 
F1 5.36 (2.65) 
51 
F2 5.33 (3.08) 
F3 14.45 (2.67) 
F4 8.88 (2.65) 
F5 8.00 (2.82) 
F6 6.24 (3.23) 
 
For comparison of the mean MDI concentration in the workplace air during the week (when the ventilation 
system is turned on), Tukey’s HSD test was performed between individual stations, with results presented in 
Table 3. Based on this table, the pollution in the F3 station, foam injection, has a significant difference with 
the other stations (P<0.05), whereas other stations revealed no statistical difference (P >0.05).  
Table 3. Comparison of the mean concentration of MDI in different parts when the ventilation system is turned on. 
Work Station F1 F2 F3 F4 F5 F6 
F1   *    
F2   *    
F3    * * * 
F4       
F5       
F6       
*Significant difference between two stations at the level of 0.05 error. 
 
The mean concentration of MDI in the breathing zone air of workers in different parts in the normal status 
(when the ventilation system is turned on) compared with occupational exposure limit is presented in Table 4. 
Based on this table, the MDI concentration in the breathing zone air of workers at all stations is below the 
occupational exposure limit. 
A comparison of the mean concentration of MDI in breathing zone air of workers in different parts of the 
foam-producing section, when the ventilation system is turned on, at the first day of the week and the 
weekend is presented in Table 5. The results indicate a significant difference of MDI concentration between 
the first and end of the week in the breathing zone air of workers. 
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Table 4. Comparison of mean MDI concentration in the breathing zone air of workers with occupational exposure limit (when the 
ventilation system is turned on) (μg/m3).  
Sampling Location Mean (SD) MDI Concentration during the Week Occupational Exposure Limit (ACGIH) 
F1 2.48 (1.88) 
51 
F2 4.77 (3.05) 
F3 14.94 (3.71) 
F4 10.25 (3.1) 
F5 8.29 (3.52) 
F6 6.72 (3.98) 
Table 5. Comparison of the average MDI concentration in the breathing zone air, when the ventilation system is turned on, at first day 
and end of the week (μg/m3). 
Sampling Time Number of Samples Mean (SD) P-Value 
The first day of the week 18 7.24 (5.19) 
0.008* 
The weekend 18 9.56 (5.26) 
*Significant difference between two sampling times. 
A comparison of the mean concentration and standard deviation (SD) of MDI in different parts of the 
foam-producing section with occupational exposure limit, when the ventilation system is turned off, is 
presented in Table 6. Based on this table, the MDI concentration in all the stations is below the occupational 
exposure limit. 
Table 6. Comparison of mean MDI concentration with occupational exposure limit (when the ventilation system is turned off) (μg/m3).  
Sampling Location Mean (SD) MDI Concentration during the Week Occupational Exposure Limit (ACGIH) 
F1 25.89 (3.51) 
51 
F2 39.97 (3.52) 
F3 36.45 (9.32) 
F4 23.54 (2.03) 
F5 22.37 (3.52) 
F6 16.5 (2.03) 
 
It should be noted that there is a strong air-conditioning system. For instance, three environmental samples 
in the F3 station, the foam injection station, were taken when the air condition and ventilation system was off. 
The results showed that all the samples were above the threshold limit value, and the minimum, maximum, 
and mean values were 61.1, 78.7, and 68.15 with a standard deviation of 9.32, which was higher than the 
occupational exposure limit (51 μg/m3). 
4. Discussion  
The results show that when the ventilation system is turned on, the F1 and F2 stations have the lowest 
pollution rate and the F3 station has the highest rate of pollution. However, none of the concentrations are 
above the threshold limit value developed by ACGIH (TLV-TWA= 51 μg/m3). Low concentrations of MDI 
can be due, on one hand, to the powerful air-conditioning system and the local exhaust ventilation, and on the 
other hand, to the open doors and windows during the summer. A comparison of the MDI concentration in the 
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environmental and breathing zone of workers at the beginning and the end of the week shows a significant 
difference between two sampling times (P <0.05). The increasing MDI concentration during the week can be 
due to the increasing air pollution during the week, leaking and scattering MDI in the workplace and around 
the mixing system of MDI and Polyol. Thus, it is possible to decrease MDI concentration in the workplace by 
using control measures. A comparison of the mean MDI concentration in different stations shows that the F3 
station has a significant difference with other stations (F1, F2, F4, F5, and F6; P<0.05). Therefore, we 
conclude that, by necessarily controlling the measures in the F3 station, namely, storage, preparation, and 
injection of foam, we can reduce the pollution of MDI in all of the stations. The comparison of mean MDI 
concentration in different work stations when the ventilation system is turned off versus the concentration 
when the ventilation system is turned on shows a lot of difference between the two conditions. F3 and F2 (the 
nearest station to F3) stations have the highest concentration and F6 (the farthest point to the F3 station) has 
the lowest concentration. Based on the results, the highest concentration measured in the F3 station, in 
summer, is 47.02 μg/m3 (close to the threshold limit value of MDI equal to 51 μg/m3). Some samples at the 
end of the air sampling were obtained when both the air-conditioning system and the exhaust ventilation 
system were turned off. The results show that the MDI concentration in this situation, with a mean of 68.15 
μg/m3, is higher than the threshold limit value (51 μg/m3).  
5. Conclusion  
It is probable that air pollution in the winter, when all of the doors and windows will be closed, exceeds the 
threshold limit value. Thus, to prevent respiratory, skin, eye, and gastrointestinal symptoms, it is necessary 
that control measures, such as the local ventilation system and air-conditioning system be turned on 
permanently, are in place. The air sampling and analysis must be done during the winter to ensure that the 
MDI concentration will not exceed the threshold limit value at all times. 
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